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Alarmed by the sustainability of our health and social security systems, longevity has
become a great societal challenge. In line with evolutionary logic we see a continuous
increase of average life expectancy and maximal lifespan. Striving for a healthy old age,
however, is an infelicitous expression as for human subjects the ageing process cannot be
ultimately postponed. Not disregarding the huge variation in health trajectories, in old
age we will all suffer from frailty and infirmity. As yet efforts of the biomedical arena are
almost exclusively focused on stalling the ageing process and preventing dysfunction. Too
little effort is spend on how to inspire and coach the great majority of people who still
feel relatively well notwithstanding the presence of multiple age-related disorders. There is
a strong rationale to separate the quest to live in good health for longer from actively and
effectively negotiating the challenge of functional decline in old age. In particular, we em-
phasise a focus on adjusting the environment in order to correct the gene–environment mis-
match that contributes to ill health. An additional strategy is to empower people to set
ambitions and to realise appropriate goals, in spite of infirmity. Striving for vitality presents
a striking opportunity to achieve subjective feelings of life satisfaction when ageing.
Ageing: Healthy ageing: Environmental interventions: Vitality
John Conrad Waterlow, physiologist, (13 June 1916–19
October 2010) was a highly esteemed and well-known
physiologist and nutritional scientist. From 1954 to
1970, he was Director of the Medical Research Council
Tropical Metabolism Research Unit at the University
of the West Indies. He became Professor of Human
Nutrition, London School of Hygiene and Tropical
Medicine in 1970. In 1982, he was elected Fellow of
the Royal Society of London for Improving Natural
Knowledge. He is widely appreciated for his work on
malnutrition in children. Additionally, in 1975, he was
one of the first to recognise the consequences of obesity
for public health, as chair of a government committee
in the United Kingdom(1).
The root cause of ageing
In 1891, August Weismann wrote one of the first evol-
utionary theories on ageing, in which he hypothesised
the existence of an intrinsic death mechanism that
would affect only the old and weak subjects of a popu-
lation. In this way it was argued that sufficient space and
resources would be guaranteed for the younger, reproduc-
ing generations to prevent the species fromgoing extinct(2).
Although this reasoning seems logical, the existence of a
‘programmed’ death mechanisms is highly unlikely from
an evolutionary perspective. There is no soundmechanism
by which death genes might have a beneficial effect on the
individual andwould thus be selected for in the population
genome(3). Moreover, a bird’s-eye view across the tree of
life shows that there is a great variation in the course of
mortality with age, among the various species’ constant,
decreasing, humped and bowed mortality trajectories
that can be observed(4). The generalised idea that life in-
evitably leads to ageing can thus be falsified. The sobering
truth, however, is thatHomo sapiens is a prime example of
those species that exhibits an ageing phenotype with the
consequence that we will suffer from functional decline,
disability and handicaps when growing older.
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Ageing comes about because of the accumulation of
permanent damage and the rate of occurrence is deter-
mined by the impact of intrinsic and extrinsic stressors
counteracted by endogenous and exogenous repair. It
is the probability of repair function that is the likely ex-
planation why ageing can be avoided(4). As we grow
old, like all other mammals, the accumulated damage
will result in typical ageing phenotypes and we will
start to ‘look old’. Damage accumulation, in cells and
tissues also explains the incidence of age-related diseases,
such as CVD, cancer or dementia. This is why ageing
is the most important single risk factor for chronic de-
generative diseases to occur. This theory on damage
accumulation, first proposed by Medawar provides an
evolutionary background to why ageing occurs(5). He
was the first to put forward that in a natural environ-
ment, under adverse environmental conditions, people
used to die young. Consequently, selection pressure was
high for mutations with an effect at a young rather
than old age. Medawar further suggested that mutations
that have a deleterious effect in old age only, will not be
selected against and therefore can accumulate in the gene
pool. Although there is as yet little evidence for the idea
that late-acting deleterious mutations have accumulated
in the population genome, this does not exclude that del-
eterious mutations accumulate in the DNA of individual
cells over one’s lifetime and may give rise to cellular dys-
function, senescence or cancer(6). Old age is a period
in life that has little or no influence on the fitness of
the individual, with little consequences on evolutionary
development of the species and is therefore also referred
to as the ‘selection shadow’.
The absence of a genetic programme for death, and its
inverse a healthy longevity, does not impede the differ-
ences in the way that people age having a genetic under-
pinning. Twin studies showed that approximately a
quarter of lifespan variation can be attributed to genetic
factors(7–10). Furthermore, several studies showed cluster-
ing of longevity in families(11–13). In our own research,
we have found that life histories of offspring of these
long-lived families clearly differed from their spouses
with whom they had shared a great deal of their lifetime
and environmental exposures. The offspring had lower
mortality risk, less diabetes, hypertension and CVD(14).
Furthermore, they had better lipid profiles(15), higher
insulin sensitivity(16), slightly less circulating thyroid
hormone(17), slightly lower circulating cortisol(18) and
positive outcome expectations(19).
Over the last two decades, studies in experimental ani-
mals have identified several cellular signalling pathways
that partially explain the influence of genetic differences
on longevity. In these pathways, components of stress
and nutrient sensing pathways including, insulin,
insulin-like growth factor 1 and mammalian target of
rapamycin were identified as important players(20).
Since these pathways are linked to metabolism, energy
expenditure and energy allocation, the effect of dietary
interventions on human longevity gained obvious atten-
tion and has led to the idea that dietary restriction may
lead to a lengthening of our lifespan. The effectiveness
of these interventions in human subjects is still highly
controversial(21). Especially so as two long-running inter-
vention studies on great apes have shown evidence for
preventing age-related diseases but have not been con-
clusive on the eagerly expected effect on life span exten-
sion(22,23). Several excellently written reviews provide a
more elaborate background on the complex and in-
triguing nature of the biology of ageing(20,24).
The quest for healthy ageing
The evolutionary approach when studying the biology
of ageing has led to a more thorough understanding
of why and how ageing occurs, but it is questionable
if the concomitant focus on extending longevity will
suffice to address the challenges of our ageing societies.
With the present longevity revolution, the great
majority of new borns will become old and once old
will live longer, and most people reach an age far into
the selection shadow at which chronic degenerative dis-
eases will occur. This raises important questions on the
quality of these extra years gained. For this purpose,
the quest for ‘healthy ageing’ seems more appropriate
and is presently central to the agenda of many research
programmes, conferences and political reports.
The idea of healthy ageing emerged in 1980, when
Fries outlined his views on the compression of mortality
and morbidity(25). He argued that with the incremental
emphasis on prevention and successful treatment of dis-
ease we would all survive in good health up to old age
and then die in a relatively short period of time due to
the supposed death mechanism. However, the existence
of a genetically determined death mechanism is, as men-
tioned earlier, highly unlikely and population data are in
line with this reasoning; average and maximal lifespan
have increased relentlessly(26).Moreover, we have recently
reported on Dutch data showing that the average period
of disability at the end of one’s life has remained the
same but is delayed until older age(27). In other words,
the age at which disabilities are reported has increased
to the same degree as life expectancy. Some of us are
rather puzzled as the number of years lived with mor-
bidity has even increased, but the trend of earlier disease
diagnosis and prevention complicates the interpretation.
Notwithstanding our personal wish and political
desire, data on the evolution of our life course under
affluent conditions show that ‘healthy ageing’ is an infel-
icitous expression, as it implies that the deterioration of
the human body due to the accumulation of damage
can be avoided. The good part of the story is that the
ageing process in human subjects can increasingly be slo-
wed down and the occurrence of degenerative disease
successfully postponed. At the end of life however, the
great majority of people have to cope with several
co-morbid conditions, disabilities and handicaps(28) and
a sole focus on physical or mental health may thus be in-
appropriate for improving well-being.
Both the issues of health in later life and the well-being
of old people are fundamental when taking up new per-
sonal and societal responsibilities in our rapidly greying
societies. Here, we will explore two approaches that we
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deem necessary when addressing these issues. First, we
will take a closer look at the traditional strategy of
improving health in our present affluent environment
in order to postpone age-related disease and disability.
Then, we will argue that efforts should be made to better
inspire and support the majority of elderly that will ulti-
mately suffer from chronic disease and disability, by ap-
plying the concept of vitality.
Ageing in today’s environment
With the start of the industrial revolution and more
specifically, the increased economic prosperity over the
last century, average life expectancy has increased from
about 40 to 80 years. Underlying the longevity revolution
is an incremental decrease in frailty during young and
middle age. Whereas in the beginning it was the dis-
appearance of child mortality that was driving the in-
crease of life expectancy, over the last five decades the
rapid decline in mortality figures of the older generation
has fuelled the increase of life expectancy from 70 to
80 years. There are no signs that this trend is coming
to an end(26).
There is general agreement that the close interactions
of genes and environmental factors determine the rate
and the nature of the ageing process. In contrast, the
contribution of chance as a third ‘factor’ to explain for
individual life-course trajectories is undervalued. All in-
dividuals from the same species, even experimental ani-
mals from the same inbred lines that are reared under
similar environmental conditions, age markedly differ-
ently because interactions between genes and the environ-
ment will always be dissimilar in time and place(29). The
revolutionised genomic techniques have allowed us to
study the impact of genetic variance on the length of life-
span in animal studies and human populations. Whereas
induced or spontaneously occurring mutations can have
a major effect on the course of the lifespan, there is
hardly explanatory power of genomics to explain the
existing variation in age of death in (human) popu-
lations(30). Moreover, it is unlikely that within the small
timeframe that our life expectancy has doubled, natural
selection has significantly and causally changed our
population genome. The rapid increase in life expectancy
that has taken place must thus be attributable to the
improvements in the environment in which we live.
Phrased otherwise, we now better exploit the original po-
tential of the ancient lay out for body and mind that
results in a longer and healthier lifespan.
Not all recent changes in our present environment
have had a beneficial effect on our health. Consider
the sharp increase of many age-related diseases, such as
CVD and diabetes that are best explained by the slow ac-
cumulation of permanent damage to heart, vessels and
pancreas. It can also be explained as the outcome of a
mismatch of our genome and our present environmental
conditions. Under the adverse environmental conditions
that our genome was shaped, food was scarce and fierce
physical labour was necessary to gather sufficient means.
Day and night we were craving for food and felt perfectly
comfortable with that; satiation and exercise-induced
endorphin production being perfect examples of our
past evolutionary development. The present affluent en-
vironment could not have been more different. Food is
abundantly available at low costs in Western households
and physical activity is no longer necessary to survive.
On an evolutionary scale this complete environmental
turnover has occurred instantaneously, the human gen-
ome is expressing an energy saving behaviour as if noth-
ing has changed. This gene–environment disparity
undoubtedly expedites the epidemic of age-related
cardiovascular and metabolic diseases in our rapidly de-
veloping world. To find further evidence for this reason-
ing, we have studied health and survival of a human
population in a rural area in Ghana where people had
lived, and are still living in an environment that is very
similar to the environmental conditions in which our
genome was shaped. In this remote place there is only
a relatively small chance that new-borns make it into
old age as hygiene, healthcare and affluence are virtually
absent. When the young make it to a high age however,
they are not likely to suffer from the typical age-related
diseases that are so abundant in the developed world.
We found that only very few older individuals had
signs or symptoms of CVD and none of them suffered
from diabetes, the main cause of death in old age being
infectious diseases(31,32).
The notion that environmental conditions are essential
to influence the occurrence of age-related disease may not
seem a remarkable finding. However, the detrimental
interaction of our ancient genome with our modern en-
vironment does represent an essential insight on how to
improve health over our life course. As can be inferred
from the Ghanaian example, these preventive strategies
can be extremely powerful but are notoriously under
exploited. Almost by default, present preventive strategies
are aimed at improving health through individual beha-
vioural change, such as diets and exercise programmes.
As we have pointed out, not only our biology but also
our behaviours are anchored in our genome, which
explains the poor outcomes of attempts to convince peo-
ple to make healthier choices. It is not that we should
stop teaching health literacy, but just hammering on indi-
vidual habits to provoke behavioural change may not be
the way forward. Here we contend that there is an urgent
need to get rid of the extraordinary cues in the present
Western environment that trigger our ancient, genetically
engrained behaviours with adverse outcomes. Next to a
public ban on smoking, we should reconsider the massive
presence of fast-food and the ample opportunities for
passive movement as promising public interventions to
overcome the gene–environment mismatch that underlies
the incidence of age-related disease(33).
Our living environment can be adjusted in various
ways and it does not need draconian measures to better
maintain our health. People themselves can make rela-
tively small adjustments to their personal environment,
which stimulate healthy behaviours, preferably by trick-
ing our genetic predispositions. For example, marketing
research and dietary studies show that visibility and
availability of food strongly influence our intake(34,35).
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Numerous studies in fast-food restaurants, cafeterias and
lunchrooms in schools show that people more often
choose a healthier option when visibility and availability
of healthy options is improved(36,37). Furthermore, recent
studies on the use of small tableware and serving sizes
have shown encouraging results(38,39). There is a rapidly
increasing amount of literature on how to tweak the en-
vironmental signals to influence our food intake(40). In
the same vein, physical activity can be stimulated by
‘smart’ triggers in the environment. A recent Australian
study among 222497 adults has shown that sitting time
is a risk factor for all-cause mortality, independent of
physical activity(41), the remarkable conclusion being
that ‘sitting is the new smoking’. Installing a standing
desk at work is an example how to reduce the amount
of sitting hours per day.
Earlier we have highlighted only a few examples
of how to stimulate healthy behaviours by changing the
environment, instead of trying to change individual be-
haviour directly. Many more can be listed, but most im-
portant is the thorough understanding of the human
mind when designing and introducing strategies to elicit
a healthy lifestyle. It is the scientific knowledge of
human behaviour that should be structurally and con-
sciously incorporated by strong-minded health politi-
cians to make the right things happen.
Vitality in old age
Older people without major disease, disability and handi-
cap consider themselves as lucky. From a biomedical
perspective those individuals are considered as slow
agers and represent an elite at the positive extreme of
growing old(42). They do age however, and at later age
most of this elite will suffer from disease and infirmity,
as the ageing process cannot ultimately be postponed.
Most are less lucky and in late age have worn out their
bodies with the result that the overwhelming majority
of older persons has to cope with several co-morbid con-
ditions, disabilities and handicaps and are considered
unhealthy(28). What follows is an adapted and shortened
version of a text in which we recently pointed out that the
judgement of the biomedical arena is a juxtaposition of
the mind set of older people themselves, as the over-
whelming majority of older people judge themselves as
healthy(43).
Some years ago, we set out for a combined qualitative
and quantitative study on successful ageing amongst
older people from the general population to understand
the difference between the biomedical ‘outsider’ perspec-
tive and the psychological ‘insider’ perspective. Accord-
ing to the WHO definition of health, we found that at
age 85 years only one out of ten had minor physical dis-
abilities, good mental function, regular social activities
and high feelings of well-being(44). Most of those aged
85 years had to be categorised as unhealthy because of
suboptimal physical and mental function, but only a
small minority rated their own health as poor or very
poor. Almost half of these older people scored an opti-
mal state of well-being in response to the question: ‘Are
you satisfied with your life?’ indicative for the ‘disability
paradox’, i.e. that people can feel good despite disease,
disability and handicap.(45), More generalised, 85 year
olds on average rated the quality of their lives with
eight points out of ten. The qualitative part of the
study showed that older people considered being success-
ful not as a matter of good physical and mental func-
tioning, but above all as a satisfactory adaptation to
functional limitations in old age(46). The clear message
is that a sole focus on healthy ageing is not sufficient as
it is only attainable for the lucky few, whereas good self-
rated health and feelings of well-being in old age appear
to be the norm and dependent on yet not clearly iden-
tified determinants.
In the social sciences it has been emphasised that
vitality is an important characteristic to reach well-being
in old age(47,48). It is an essential competence to make use
of one’s functional abilities. It consists of having the mo-
tivation to take up responsibilities, the knowledge and
skills to do so and ultimately the gift to enjoy the results.
Without that there is no appreciation of well-being.
Among the attributes of vitality are introspection, posi-
tive affect, energy, engagement, resilience, self-esteem,
coping, autonomy, sense of purpose, and these may all
be essential to reach a satisfactory life. Of course, it
requires the constant balancing of the possible with the
impossible and of the available with the non-available.
This is especially so for older people who have developed
disabilities and handicaps. It is for this reason that we
propose to operationalise vitality as ‘the ability of a per-
son to set ambitions appropriate for one’s life situation
and being able to realise these goals’.
Triggered by the economic crisis of 2008 and pressure
on the sustainability of our health and social security sys-
tems, healthy ageing has become a ‘hot topic’. Foremost
it prevails in the narrow, functional definition of health,
the outsider perspective, as medical professionals use
it. The attention for vitality, the insider perspective, is
lagging far behind. The medical arena considers it to
be a psychological concept that is primarily part of a dis-
tinct social domain. However, the two concepts are not
independent of each other. For example, people who
are able to maintain a positive attitude, even in the
face of disability and handicap display overall better out-
comes of disease and lower mortality(49). Those who feel
better, do better. Also, offspring of long-lived families
display a more optimistic outlook on life and have better
health outcomes, further emphasising the close interplay
between the two notions(19). It is tempting to conclude
that when health in the narrow definition is deteriorating,
vitality plays a pivotal role in assuring well-being despite
functional limitations.
Conclusion
We contend that the debate in developed countries on
how to accommodate the rapidly increasing lifespan of
their citizens is too much focused on addressing the infir-
mities of frail elderly, whereas too little effort is spent on
how to inspire and coach the great majority of people
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who still function relatively well notwithstanding the
presence of multiple age-related morbidities. The ration-
ale is to separate the quest for a healthy longevity from
actively and effectively negotiating the challenges of age-
ing. Empowering citizens to set ambitions and achieving
appropriate goals, in spite of age, functional decline or
morbidity presents a striking opportunity to achieve sub-
jective feelings of satisfaction over the life course from
which society at large could benefit.
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